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Entire Combined Frame

The CMEX inner, conical frame system is the platform on which the muon chambers are mounted.
By itself, it is not strong enough nor does it minimize deflections needed for accurate data

the inner, conical frame and chambers,

The outer frame, though strong enough to support all loads by itself, still yielded large
deflections at the outermost point of around 3" in aii X, Y, Z directions. When the inner, conical
frame was added to the FE model, deflections at the outermost point dropped to values neighboring
at.5"in all X, Y, Z directions. This was great; but unfortunately high stress concentrations
popped up on the inner, conical frame in the region where the frame section modulus was smallest
and bending moments largest. This was not great!

After a review of the situation, it was realized that a flaw in the FE model was contributing to
unusual high stresses. The flaw was in letting the gravitational lad of the outer support frame act
down on the inner, conical frame. Before the inner frame is even added to the support frame, the
support frame has deflected downward due to gravity. This means that the support frame has, in a
sense, been pre-loaded and that its own weight has been negated from the problem and should
therefore be assumed to be weightless as far as the FE model is concerned.

After removing the additional load on the inner frame caused by the weight of the support
frame, the stresses in the critical region of the frame were reduced greatly. However, according
to the FE program "Frame Analysis,” these stresses were still above the allowable stress of
21,600psi.

After a period of time investigating the data and reviewing the "Frame Analysis” manuai, it
was discovered that combined stress was being calculated in a non-precise manner. The following
equation (from Frame Analysis) is used to calculate combined stress:

o = ,/[01 + 0y + 0] + 372

Normal stress due to load along the X-axis of the beam element (same at all 4 locations)

P = axial load
o= P/A
A = cross—section area

2. Normal stress due to bending
* about the Z-axis
Mz * Cy

o0 = I
3. Normal stress due to bending
about the Y-axis
My * z
07 = —— =

iy

Maximum shear stress due to force in Y-direction (same at all 4 locations)
Fy . L
Ty = ay o W= shear ratio in Y-direction

Maximum shear stress due to force in Z-direction (same at all 4 locations)

Fy . L
Tz = az —j—; az = shear ratio in Z-direction

Shear stress due to torsion

T * reg T = torque about the shear center axis
e * = . .
T = —x Teff = effective radius in torsion

K = torsional constant




s

The problem lies in the handling of the torsion in a wide-flange member. Calculations to
determine warping normail stress and web and flange shear stress due to torsion are complex and
"Frame Analysis" chooses a simplified manner to add torsional stresses into the combined stress
equation. This ieads to over exaggerated high stresses for elements effected by torsion which, of
course, is a common occurrence in a CMEX frame.

The solution was to take maximum forces and moments of all wide-flange members and
assume them to all act on one member. Then calculate combined stress by hand and determine if it
is below allowable limits.

Of course there sitill was the problem of calculating accurate induced stresses due to torsion
on the wide-flange elements. This was handled easily by using an exact solution to a differential
equation to solve for warping normal stresses, web shear stress, and flange shear stress.
(equations and examples are attached) Once these stresses were known, they could be combined
with bending stresses, shear stresses, and axial stress to obtain the siress vector magnitude;
combined stress. The equation used is:

('JE =m “"GS‘I-GE 1'0:355&-}- ('Tj Jl’lY.FY-‘I' ('T! +Y{_‘—)—{

This is a much more reliable combined stress equation and since the maximum forces and
moments were used in this equation and still produced a combined stress less than the allowable, it
infers that ali wide-flange members are adequate to support the system loads.
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ERRATA
Torsional Analysis of Steel Members -
THE LAST TWO PAGES OF APPENDIX C WERE INADVERTENTLY OMITTED

SOLUTIONS TO DIFFERENTIAL EQUATIONS
FOR VARIOUS LOADINGS AND BOUNDARY CONDITIONS

The following are the solutions of the differential equations using the proper boundary condiiions,;;fﬁk;;
derivatives of ¢ equation to find @', ¢", and ¢'",

M M Mz
CASE1l [T— T ¢ = o
S~ -~ T
M M. Ma L z L Z .z -
CASE 2 §j: : o = GJ (tanhEE-cosh-a——tanhﬁ-i-—a——-smh—&-) ——
CASE 3 b ol -(¥) | ¥ OSZSO:L . - ‘,
[ sinh aL
ML Z “a al | a z
¢ GJ (1.0 —a) r + tanh E — cosh _a— E sinh 'a—
aL<Z<L
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- m — S
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3 ; CGISL T L BT L T D
sinh —
M- @
CASE6 Y—T N 0<z<aL
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Where: o _

1 L(coshg-l-‘coshg-li-cosh-é—coshﬂ— 1.0 +£(a— 1.0) — sinh 2L
sinh-— a a a a a a
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m mia ir-!rl + cosh f_f} Z Z Z VA
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a
Where: -
T sinh !‘j»
J‘cosh--['-— o) 2~ 2.
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a a a
b S M
CASE 9 3—7 4 — O0£Z<al
a
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GJI a a a a a
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L:-m""" ’
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Mamz/i) m, 3 sz L L ] z ZLJ [a L]
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h
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——a_ )z Z
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a
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Figure 17, pg. 17. Span should be 25 ft: Left reaction should be 231 kips.
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